national healthcare policy. Dynamic MRI is a relatively new technique here, and no standardized protocol or grading system is available.
After a review of the international literature, we performed dynamic MRI in nine patients, mainly as per the method of Comiter et al [1] . We would like to highlight the value of dynamic MRI, a noninvasive modality, for the preoperative diagnosis of pelvic prolapse. Dynamic MRI provides the surgeon with detailed information to help make a good preoperative plan.
MATERIALS AND METHODS
Nine female patients, who were known to have pelvic prolapse based on physical examination, received dynamic MRI examination (1.0T Magnex100/HP, Shimadzu, Kyoto, Japan) before surgery. No preparation was needed for the examination. Patients were not allowed to use the toilet before the examination to ensure that the urinary bladder was distended. Our MRI protocol included axial and sagittal planar screening of the pelvic cavity and a dynamic study. Coronal planar imaging was optional. The examination was completed within 15 minutes. All patients were examined in the supine position. A rapid sequence was used. An initial sagittal image of the patients at rest was taken with single-shot ultra-high speed scan (FE/ 8/3.02-20°, 128, 100%-100% 1 NEX 1 slice 10 mm L 1.0 second), followed by a second series of images with the patients straining their pelvic floor muscles using Valsalva's maneuver. The cycle was repeated two times. All phases of magnetic resonance (MR) images were obtained, taken every 4 seconds. Images in the sagittal plane best demonstrate the relationship of the pelvic organs to each other and the pelvic floor. The last sagittal slice was acquired during maximum pelvic strain. The dynamic and cycling MR images were compared (Figure 1) . We used the HMO (H-line, M-line, organ descent) classification, a straightforward and simple grading system, for evaluating pelvic floor relaxation and prolapse [1, 2] . The radiologist identified and reported the following landmarks, lines, and angles: (1) pubococcygeal line (PCL)-a fixed anatomic reference joining the inferior border of the symphysis pubis to the junction of C1 and C2. This line represents the level of the pelvic floor. (2) The H-line (levator hiatus width)-measures the distance from the inferior margin of the symphysis pubis to the puborectalis sling (posterior rectoanal junction). (3) The M-line (muscular pelvic floor relaxation)-measures the shortest distance between the PCL and H-line. Both H-and M-lines are used for confirming pelvic floor laxity. Organ descent > 1 cm below the PCL indicates pelvic floor laxity. Organ descent > 2 cm is often indicative of the need for surgical intervention. During straining, the H-and M-lines are usually not more than 6 cm and 2 cm, respectively, in the normal population. The O-grading (organ prolapse distance) characterizes the degree of visceral prolapse beyond the PCL [2] . Organ descent < 3 cm below the PCL indicates small prolapse. Organ descent of 3-6 cm means moderate prolapse. Organ descent > 6 cm represents large prolapse. The levator plate should be parallel to the PCL in the normal state. An increased caudal inclination of the levator plate indicates a loss of posterior muscular support. Angulation > 10°is indicative of significant posterior weakness. The PCL, H-line, M-line, angle of the levator plate, and organ prolapse distance from the PCL were identified on images obtained while the patients were at rest and during maximal pelvic strain (Figure 2 and extent of the prolapse of pelvic organs based on those specific measurements. Based on the MRI criteria, a cystocele or urethrocele was diagnosed when the base of the bladder or proximal urethra was below the PCL. If the vaginal vault or any part of the cervix descended below the PCL during straining, a prolapse of the vaginal vault or uterus was diagnosed. Rectocele was defined as a bulge > 3 cm, measured as the distance from the extended line of the anterior anal canal border to the tip of the rectal descensus, using the criteria set by Lienemann et al [3] . A wide rectovaginal space or deep pouch of Douglas with the peritoneal contents (omentum, mesentery, sigmoid) with or without small bowel loops beyond the PCL was considered to be an enterocele.
RESULTS
In all patients, the study was considered to be satisfactory. All the female patients suffered from urethral hypermobility syndrome (Table) . According to the MRI measurements, four patients (4/9) had single compartment abnormalities, i.e. cystoceles. Multicompartment involvement was confirmed in five patients (5/9). In three cases, there was joint prolapse of the anterior (cystocele) and middle (2 uterine prolapse and 1 enterocele) compartments (Figure 3 ), and in two cases, there was joint prolapse of the anterior (cystocele) and posterior (rectocele) compartments. Seven patients received surgical correction. All patients reported significant improvement of their symptoms and signs after surgical intervention. Five patients showed partial recovery. Two patients had complete recovery. High satisfaction was also recorded from the surgeon.
DISCUSSION
After childbirth, pelvic floor weakness may not always be a health problem. Thus, imaging of asymptomatic women is of limited value. Relevant symptoms and signs are found in 10-20% of parous women over 50 years of age; the most common symptoms include pelvic pressure, protrusion of tissue through the pelvic floor, and urinary incontinence [4, 5] . Imaging studies are important for any interventional management. Traditionally, dynamic and conventional fluoroscopic or sonographic examinations have been used to evaluate pelvic prolapse in symptomatic women. In Taiwan, bead-chain cystourethrography is the most commonly chosen technique for examining women who have urinary stress incontinence. This method shows the changing configuration of the urinary bladder and urethra, but provides limited information about the anatomic position of the pelvic organs and the overall laxity of the pelvic floor. The female pelvic floor can be divided into three compartments: an anterior compartment containing the bladder and urethra; a middle compartment containing the vagina; and a posterior compartment containing 
Figure 3. A 58-year-old woman in whom sagittal magnetic resonance imaging T2-weighted image (T2WI) shows significant descending of the bladder base and uterus below the pubococcygeal line (PCL). It is defined as a multicompartment type of pelvic prolapse including the anterior and middle compartments.
the rectum. The endopelvic fascia and the levator ani muscles support each of these compartments. The two most important components of the levator ani supporting the pelvic organs are the iliococcygeal and the puborectal muscles. The iliococcygeal muscle fibers fuse anteriorly with the coccyx to form a midline raphe called the levator plate [4] . This is an important structure to monitor for pelvic floor weakness.
The mainstay of diagnosis in symptomatic pelvic floor damage is physical examination. According to one study, physical examination and MRI findings were very concordant in the diagnosis of pelvic prolapse, and statistical correlations with the stages of prolapse were established between both methods (p < 0.01 for anterior and middle compartments, p < 0.05 for posterior compartment) [6] . In fact, imaging is also useful in patients with equivocal findings at physical examination. MRI is more sensitive than physical examination for identifying enterocele, and it enables clinicians to rule out other concomitant pelvic pathologic processes. In addition to pelvic prolapse, other problems such as ovarian cysts and bladder stones were also found on MRI in our patients.
MRI is a noninvasive procedure compared to conventional fluoroscopic studies for pelvic floor prolapse. MRI provides a detailed anatomic overview, with depiction of all three pelvic compartments at perineal contraction and maximal pelvic strain. Prolapse involving the anterior pelvic compartment (cystocele), the middle compartment (vaginal prolapse, uterine prolapse, enterocele), and the posterior compartment (rectocele) can be easily demonstrated. Dynamic rapid MRI sequences are a major breakthrough in diagnostic imaging. Studies may be done during breath holding, allowing for images with exquisite anatomic detail. Dynamic MRI is now commonly used as an alternative to traditional methods for evaluation of pelvic floor prolapse [3, [6] [7] [8] [9] [10] [11] . It also discloses incidental pathologic features, such as uterine fibroids, ovarian cysts, hydroureters, urethral diverticula, vesicovaginal and vesicourethral fistulae, and foreign bodies. MRI allows clinicians to survey the whole pelvis in a single dynamic study. MRI, being relatively operator-independent and devoid of risks of irradiation, is ideal for the objective evaluation and followup of patients. Dynamic MRI obviates the need for cystourethrography, pelvic ultrasound, or intravenous urography, and is the study of choice at our institution for evaluating the female pelvis.
Past studies have shown that despite surgeons' best efforts, a third of patients who undergo surgery for pelvic prolapse require re-operation [12] . Symptoms recur in 10-30% of patients, and the cause of the problem often involves compartments of the pelvic floor that were not repaired initially [13] . In such situations, MRI can be a useful preoperative planning tool, especially in complex cases where multiple compartments are involved. Specific muscular defects can be easily identified via dynamic MRI, which simultaneously demonstrates both the muscular and ligamentous structures, as well as the pelvic viscera. The use of fast breath-holding sequences can provide highquality images both at rest and during maximal pelvic strain.
Based on the MRI findings using fixed and mobile anatomic landmarks, isolated or multicompartment involvement in pelvic prolapse was diagnosed and quantified based on the grading of visceral prolapse. The PCL, H-and M-lines, and the angle of the levator plate with the PCL are helpful for confirming pelvic floor laxity and identifying compartment prolapse [4] . These measurements are easily obtained. The grading system is based on the degree of organ prolapse through the hiatus and the degree of puborectalis descent (M-line) and hiatal enlargement (H-line). The degree of descent of the bladder, vagina, and anorectal junction can be evaluated, as can the vertical distance between the PCL and the bladder base, the vaginal vault, and the anorectal junction, respectively. In healthy women, there is minimal movement of the pelvic organs, even with maximal strain. In a symptomatic patient, organ descent > 1 cm below the pubococcygeal line indicates pelvic floor laxity, and organ descent > 2 cm is often indicative of the need for surgical intervention [10] . A resting anorectal junction position of 3.0 cm or more below the ischial tuberosities, or an anorectal junction descent > 3.5 cm during evacuation can define excessive pelvic floor descent [14] . In addition, MR-based 3D-modeling can also be used to evaluate levator muscle morphology and volume, as well as the integrity of pelvic floor support and its possible role in stress incontinence and prolapse [7] . It allows assessment of muscle trophycity. In fecal incontinence, weakness of muscles posteriorly is frequently a factor [15] , with the levator plate probably being the single most important structure affected. Postoperatively, MRI allows assessment of surgical results, including failures or recurrences.
The basic MRI examination requires no patient preparation. The urinary bladder neck is easily identified in all women because of the high T2 signal of urine. Other important landmarks, such as the cervical and anorectal junctions, can be harder to identify. If a definite estimate of the locations of other relevant structures, e.g. urethra, bladder, vagina, and rectum, is needed, the examination can be performed by opacifying the relevant structures with mixtures of saline solution, gadolinium, or sonography gel as indicated in some reports [3, 16] . In other studies, identification was facilitated by intubating a soft catheter into the urethral, vaginal or rectal lumen. This technique is not essential for defining the relationship between the PCL, H-and M-lines. In our nine patients, plain MR images were sufficient to visualize the anatomic landmarks and perform specific measurements.
Some reports suggest that the vertically open configuration magnet system shows promise for evaluation of the female pelvic floor, including urinary stress incontinence and prolapse [17] . The supine position is not any less effective for the diagnosis of symptomatic pelvic prolapse. Imaging with the patient in the supine position is perfectly satisfactory for evaluating symptomatic pelvic floor weakness, despite the fact that defects are most easily identified when the patient is upright [2, 3, 8, 11, [18] [19] [20] .
A limitation of MRI is its high cost. Nevertheless, dynamic MRI is the study of choice for identifying simple or complex organ descent in patients with pelvic organ prolapse. MRI study is multiplanar, noninvasive, and easily applied to the exploration of multicompartmental prolapse. We conclude that dynamic MRI may become a useful and standard method for diagnosing pelvic floor abnormalities. The technique will not only serve to increase the success rates of surgery, but will also help to accurately predict the outcome of surgical intervention. Further studies must be conducted to study its clinical implications and to formulate standardized practice guidelines. 
